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STUDIES  ON  FERMENT  ACTION. 
IMMUNIZATION WITH PROTEOLYTIC CLEAVAGE PRODUCTS OF 
PNEUMOCOCCI.* 
BY JAMES W. JOBLING, M.D., AND SOLOMON STROUSE, M.D. 
(From  the  Morris Institute  for Medical  Research,  Chicago.) 
Experimental  studies  of  the  pneumonic  process,  based  on  the. 
conceptions of modern biological science and couched in commonly 
adopted terms of immunity, have as yet not succeeded in explaining 
the  disease.  Wadsworth  (I)  has  recently given a  thorough pres- 
entation of the status  of biological  studies  on pneumonia and  has 
shown how unsatisfactory our knowledge is.  Perhaps of the com- 
moner forms of immune bodies the opsonins have played the most 
important  part  in  the  literature of  this  problem,  yet  phagocytosis 
has  been  shown  to  be  not  the  only,  or  even  necessarily the  most 
important factor.  Our own studies on opsonins  (2)  in pneumonia 
led us  to believe that whereas they were present  in  the circulating 
blood of pneumonia patients  after crisis,  they could not per se  ex- 
plain the crisis.  Yet phagocytosis seems to have thrown the most 
light on the subject of immunity in pneumonia  (Lamar  (3)). 
If,  then,  the  phen.omena of pneumonia have  not  yielded to  the 
probings  of  biological  investigation,  it  is  necessary  to  adopt  new 
or  hitherto  unstudied  lines  of  work.  Lamar  (3)  reasoning-in  a 
similar vein directed his  attention to the effects on pneumococci of 
various  soaps  and  found  an  interesting  correlation  between  the 
effects  of  soaps  and  immune  sera.  Rosenow  (4,  5,  6)  studied 
mainly  the  separation of  the  toxic  substances  in  the body  of  the 
pneumococcus and  the  relation  of  these  substances  to  proteolysis. 
Dick  (7)  demonstrated the presence in post-critical pneumonic sera 
of a  proteolytic ferment capable of a  specific digestion of pneumo- 
coccus  extracts.  All  these  investigations  will  be  discussed  more 
fully in the course of this and subsequent papers.  They are men- 
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tioned here in order to emphasize various new points of attack of 
the problem. 
For the past two years we have been focussing our attention on 
the problem from the view-point of possible ferment action, and we 
have  been  experimenting  with  several  of  the  body  ferments. 
Along with  other comparative studies we presumed that the high 
circulating leucocytosis  and  especially  the  accumulation of  leuco- 
cytes in the lung must play an important part in the cure of pneu- 
monia.  More  than theoretical support is lent to  this view by the 
fact  that  pneumococcus infections other  than  pneumonia are  not 
attended  by  the  same  clinical  picture.  Neither  general  pneumo- 
coccus septicemias nor localized infections such as  arthritis  or en- 
docarditis,  which  are  not  associated  with  local  accumulations  of 
leucocytes, terminate by Crisis.  The conclusion that the leucocytes 
play a part in the immunity process in pneumonia is, of course, not 
proved, but the association is certainly suggested.  Since phagocy- 
tosis cannot explain the crisis, it is necessary to consider the other 
possible activities of leucocytes. 
In a previous paper  (8)  we reported our investigations on some 
of  the leucocytic  ferments causing proteolys,is.  In this  paper  we 
were able to show the presence of at least three such ferments, two 
capable of splitting native protein, and one acting on the products 
of digestion by proteases.  By the process of drying with alcohol 
and  ether,  by  the  effect  of  heating,  and  by  the  use  of  different 
zymolites in  acid or  alkaline media,  we  were  able  to  separate  the 
actions  of  these various  ferments.  We  showed that  the  alkaline 
extraction of leucocytes which had been dried by means of alcohol 
and  ether yielded a  ferment capable  of  splitting native protein to 
albumose and to a slight extent to peptone, whereas fresh untreated 
leucocytes were practically identical with trypsin in their proteolytic 
activities. 
In the present paper we propose to discuss  (I)  the effect of the 
alkali-acting  leucoprotease on  pneumococci and  (2)  experiments 
dealing with the immunization of animals by the split products of 
this digestion. 
In a  series of experiments the comparative effects of physiolog- 
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These experiments involved simple technique.  Given  amounts  of 
twenty-four hour broth  culture pneumococci were centrifugalized, 
washed in physiological salt  solution,  resuspended in  salt solution, 
and divided into two equal parts.  To one half was added a  small 
amount of the alkaline leucoprotease, to the other the same amount 
of salt solution.  A  few drops of chloroform  1 were added and the 
tubes incubated at 37 °  C.  Every day the gross appearance of the 
tube  and  the  microscopic  changes  in  the  organisms  were  noted. 
Marked differences in  the gross appearance of the flasks  could be 
seen in twenty-four hours.  The turbidity of the flask containing 
leucoprotease was greatly diminished, whereas the flask  containing 
autolyzing pneumococci was  only  slightly  less  cloudy than  when 
they were put in the incubator.  Usually within  forty-eight hours 
the  leucoprotease flask  had  almost  entirely cleared  up,  leaving  a 
minimum deposit, but the salt flask was still cloudy.  If the digestion 
were continued as  long  as  one  week the  differences between the 
two  were  still  marked.  In  no  instance  did  the  flask  containing 
autolyzing pneumococci show  as  rapid  or  as  complete clearing as 
did the one containing leucoprotease .and pneumococci.  As might 
be expected, the microscopic appearances of the pneumococci were 
parallel  to  the  gross  changes.  The leucoprotease flask  showed  a 
much  more  rapid  diminution  in  the  number  of  organisms,  and 
tinctorial  changes  evidencing  disintegration  of  those  remaining. 
Even within twenty-four hours most of the pneumococci were mere 
shadows  and  were  Gram  negative,  whereas  in  the  salt  flasks  the 
organisms looked almost normal and were still  Gram positive.  At 
the  same  time,  the  chemical changes  in  the  two  tubes were com- 
pared.  The method of measuring the various proteolytic fractions 
evolved in  our previous  studies  could  not  be  carried  on  in  these 
experiments,  as  such  technique  was  only  possible  with  larger 
amounts  of  zymolite.  Certain  constant  changes,  however,  were 
found, which indicate that the organisms treated with leucoprotease 
underwent deeper proteolysis in a shorter time than did those sub- 
jected to autolysis in salt solution.  The pneumococci treated with 
leucoprotease constantly gave a  higher figure  for total  acidity,  as 
IW.e  have  found  that  pneumoeocci  contain  an  antlproteolytic  substance,  the 
action  of which  is  prevented by chloroform.  This  will be  discussed  more  fully 
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measured  by  titration  with  N/5o  sodium  hydroxide,  and  gave  a 
figure with  formol titration which was constantly higher than that 
obtained  from the salt  control.  The results here were always the 
same, whether we used dried pneumococci or fresh washed ones, or 
whether the salt control was rendered to the exact alkalinity of the 
leucoprotease tube.  Although we realize the limitations of the for- 
tool titration method of measuring proteolysis, the constancy of our 
results  warrants  its  application. 
When we studied the chemical changes  from day to  day it  was 
seen  that  leucoprotease  produced  its  maximum  digestion  in  from 
twenty-four to  forty-eight hours, and that after that time there was 
a  decline in both  the total  acidity and the figure  for  formol titra- 
tion.  In table I are given the results of one such experiment, show- 
ing also  in  a  parallel  column the figures  for the autolyzing pneu- 
mococci.  In this experiment the pneumococci in salt solution gave 
no  evidence of  digestion  as  measured by  form  ol  titration,  but  in 
other  experiments slight  digestion  could be  ascertained. 
TABLE I. 
Contents of flask. 
Pneumococci  and leucoprotease. 
Pneumococci  in salt solution, 
Pneumococci and leucoprotease. 
Pneumococci  in salt solution. 
Pneumoeocci and leucoprotease. 
Pneumococci in salt solution. 
Pneumococci and leucoprotease. 
Pneumococci  in salt solution. 
Incubation 
period. 
24 hrs. 
24 hrs. 
48 hrs. 
48 hrs. 
96 hrs. 
96 hrs. 
~2 dys. 
12 dys. 
Acidity in c,c. of  Formol titration in 
N/5o sodium hy-  c.c. of N/5o sodium 
droxide,  hydroxide. 
O.  20 
O. II 
0.23 
o. I7 
o.o9 
0.06 
0.09 
o.o8 
0.37 
0.00 
0.24 
O.O0 
0.I2 
0.00 
0. I6 
0.00 
The exact chemical changes that occur in this experiment are still 
under  investigation,  but  it  can  be  definitely  concluded  from  the 
gross  and  microscopic appearances,  as  well as  from the  titrations 
cited, that leucoprotease causes a  more extensive digestion of pneu- 
mococci than occurs when the organisms are suspended in Salt  so- 
lution.  Intracardiac  injections  into guinea  pigs  showed  that  the 
products  of  leucoprotease digestion  were  certainly less  toxic  than 
the products of autolysis, and we assumed that probably leucopro- 
tease carried proteolysis of pneumococci beyond the toxic stage. 
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work  was  in  preparation,  show  a  direct  parallelism.  He  proved 
that  autolysis  of  pneumoeocci resulted  first  in  producing  a  toxic 
substance,  wh.ich  when  injected  directly  into  the  circulation  was 
capable of killing guinea pigs with all the symptoms of anaphylactic 
shock.  When .digestion  was  carried  further,  the  toxic  substance 
disappeared.  Rosenow  considers  it  probable  that  the  toxic  sub- 
stance "is an earlier split product of pneumococci than the peptone 
stage."  Our previous work showed that leucoprotease split  mainly 
to  albumose and to  a  slight  extent to  peptone,  which affords sup- 
port to Rosenow's assumption.  The toxic substance then must be 
closely related to the protein molecule, and the substances resulting 
from  leucoprotease  digestion  are  deeper  proteolytic  cleavage 
products. 
We  then attempted  to  study what  effect the  injection of  these 
various  digestion  products  would  produce  in  rabbits. 
Ten  rabbits  were  used.  Rabbit  I  was  given pneumoeoeci  heated  to  6o  °  C. 
in  salt solution, centrifuged, and washed.  The  supernatant  fluid  was  divided in 
half  and  injected  into  rabbits  2  and  3.  Rabbits  4  and  5 were  given the  super- 
natant  fluid  from pneumococci treated,  with  leucoprotease,  and  rabbits  6  and  7 
similar  fluid  from  pneumococci  autolyzed  in  salt  solution.  Rabbit  8  was 
immunized  in  the  usual  way  by  one  injection  of  dead  organisms  followed by 
several injections of  live pneumococci.  Rabbit 9  received the  washed  sediment 
from the pneumococci treated with leucoprotease, and rabbit  IO the similar sedi- 
ment from the autolyzed pneumococci. 
This  long  series  was  planned  in  order  to  get  standards  of  im- 
munity,  and  the  details  of  each  injection will  be  given solely  for 
those animals  in which we are especially interested.  The  general 
method of procedure was  to  use twenty-four hour  broth  cultures 
which were centrifuged and washed.  The organisms were then sus- 
pended in salt solution and halved.  To one half a  certain amount, 
generally two cubic centimeters, o.o16  of a  gram of leucoprotease 
was  added,  and  to  the  other  the  same  amount  of  salt  solution. 
Chloroform was then added and the flasks were incubated at 37 ° C. 
The time of incubation varied, and will be given in each protocol. 
Before  injection  the  mixtures  were  thoroughly  centrifuged  at  a 
speed  of  3,000  revolutions  per  minute  for  from  one  half  to  one 
hour,  the supernatant fluid and the chloroform were removed, and 
the  sediment was  washed  in  salt  solution.  The  same  amount  of James  W.  Jobling  and  Solomon  Strouse.  865 
fluid was always used, i. e., the salt autolysate injection represented 
exactly the same amount of pneumococci as did the leucoprotease. 
Rabbit .4  4.--Injected with the supernatant fluid from the digestion of pneu- 
mococci by leucoprotease. 
Incubation period of pneumococci 
Date of injection,  and leucoprotease.  Method of injection. 
Jan.  3  o,  x91z.  14 dys.  Intraperitoneal. 
Feb.  5,  I912.  6 dys.  Intraperitoneal. 
Feb. 23, I912.  6 dys.  Subcutaneous. 
Mar.  3,  r912.  6 dys.  Subcutaneous. 
Mar. I3,  I912.  5 dys.  Subcutaneous. 
Rabbit  A  6.--Injected  with  the  supernatant  fluid  from  the  autolysis  of 
pneumococci in salt solution.  Protocol identical with that of  rabbit A  4- 
Rabbit A  9.--Injected with the washed  sediment from digestion of pneumo- 
cocci by leucoprotease.  Protocol identical with that of rabbit A  4. 
Rabbit .4  xo.--Injected with the washed sediment from autolysis of pneumo- 
cocci in salt solution.  Protocol identical with that of rabbit A 4- 
The organisms used in these experiments were only moderately virulent and 
showed  some  spontaneous phagocytosis. 
The determinations of both qualitative and quantitative immunity 
were made along several lines, but for the present the opsonic power 
of the serum will be used as  a  standard.  In the present state of 
our knowledge, information gained by opsonic titrations must still 
be considered the most valuable comparative knowledge obtainable, 
for as yet sufficient data are not at hand to justify the application 
of newer methods, as,  for instance, the measurement of the proteo- 
lyric power of the serum.  However, we have made sufficient  study 
of the  newer phases  of immunity to  feel that  shortly we shall be 
able  to  report  more  fully  on  these  questions  in  pneumococcus 
immunity. 
On March 9 fresh unheated sera were tested for opsonins against 
the  homologous  organism,  by  the  Neufeld  technique.  Rabbit  A 
4,  which had  received the  products  of digestion by  leucoprotease 
showed  a  well marked high  grade  of  opsonic  immunity.  In  the 
serum from rabbit A  6,  which had received the salt autolysate, no 
trace  of  opsonic  immunity could  be  shown.  Rabbit  A  9,  which 
had received the sediment from the action of leucoprotease on pneu- 
mococci, likewise showed no immunity, whereas rabbit A  Io, which 866  Studies  on  Ferment Action. 
had received the bacterial bodies  remaining after autolysis,  gave a 
high degree. 
On  March  26  this  experiment  was  repeated  and  verified  with 
sera  seventeen  days  old.  We  attempted  to  demonstrate  opsonic 
immunity against two heterologous strains,  one highly virulent and 
one avirulent, and in both experiments we found no increase in any 
serum.  These results correspond with those obtained for opsonins 
by .the usual method of injection, but whether the specificity of op- 
sonic immunity is an actual index of the true immunity is doubtful. 
Several  attempts  to  demonstrate  complement-hinding amboceptors 
in  these  sera  were unsuccessful,  even  though  we  used  as  antigen 
suspensions of the organisms in salt solution, as well as watery and 
alcoholic extracts. 
In series B  the same general method was employed. 
Rabbit  B  4.--Injected  with  the  supernatant  fluid  from  the  digestion,  of 
pneumococci by  leucoprotease. 
Incubation  period of pneumococci  Date of injection,  and leucoprotease.  Method of injection. 
Mar. 2 3 ,  1912. 
Apr.  9,  I912- 
Apr. 22,  I912. 
May  I3,  1912. 
May  3 I,  1912. 
June  8,  I912. 
8 dys. 
13 dys 
5 dys. 
2 dys. 
3 dys. 
4 dys. 
Subcutaneous. 
Subcutaneous. 
Subcutaneous. 
Subcutaneous. 
Subcutaneous 
Subcutaneous. 
Rabbits B  6,  B  9,  and  B  IO correspond  with the animals in  series A. 
Rabbit  B  6.--Injected  with  the  supernatant  fluid  from  the  autolysis  of 
pneumococci  in  salt solution.  Protocol  identical  with  that of  rabbit B  4- 
Rabbit  B  9.--Injected  with  the  washed  sediment  from  digestion  of  pneu- 
mococci  by leucoprotease.  Protocol  identical with  that of  rabbit B  4. 
Rabbit B  ~o.--Injected  with the washed  sediment from  autolysis  of  pneumo- 
cocci  in salt solution.  Protocol  identical with that of  rabbit B  4. 
The  strain  of  organisms  used  in  these  experiments  was  highly  virulent  and 
had  resisted  phagocytosis  by the  sera  of  all  the  animals  before  injections  were 
begun. 
On June  18  the sera of all  animals  were tes.ted  for opsonic  im- 
munity by the Neufeld technique.  Sera  had been  drawn on June 
8  and had been kept on ice without preservatives.  Here we were 
again  able  to  demonstrate  a  well  marked  high  grade  of  opsonic 
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protease  on  pneumococci.  In  this  experiment,  as  in  the  one  pre- 
viously  outlined,  the  quantitative  estimation  of  immune  opsonins 
showed  that  the  highest  grade  of  immunity  had  been  reached  by 
the  rabbit  receiving  the  products  of  leucoprotease  digestion;  and 
again  here  the  immunity  was  found  to  exist only  for the  homolo- 
gous  strain  of  pneumococci.  Complement-binding  amboceptors 
could  not  be  demonstrated. 
In a  third  series of experiments we were able to verify in every 
detail the results already outlined. 
SUMMARY. 
I.  Leucoprotease splits pneumococci into lower cleavage products 
than are obtained with the autolytic ferment contained in the pneu- 
mococci. 
9..  Such cleavage products injected into rabbits have the property 
of  producing  immune  bodies  in  the  blood of the  injected  animals, 
3.  These experiments indicate that proteolysis plays a  part in the 
production  of pneumococcus  immunity. 
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*  Since this article went to press,  I-tirschfelder  (Jour.  Am. Med.  Assn.,  I912, 
lix, I373)  has published a communication  on the effect of pancreatin on pneumo- 
cocci.  Broth culture organisms  were treated for fifteen minutes  at 37  °  C., were 
then acidified and passed through a Pasteur filter.  The "soluble vaccine" which 
results  from this  treatment has the property of preventing pneumocoecus infec- 
tions  in susceptible animals,  and  the serum  of these animals  also  has  the prop- 
erty of preventing pneumococeus  infections.  The vaccine was  used  in  a  small 
series of cases of lobar pneumonia  in man with apparently  favorable results. 